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abStract
A study was carried out to determine the distribution and behaviour of nitrogen (N) compounds (nitrite, nitrate, ammonia, 
dissolved and particulate organic nitrogen) in Sungai Terengganu estuary (TRE). Surface water samples were collected 
during ebb neap and spring tides for the longitudinal survey along the salinity gradient. The results indicated that all N 
compounds behave non-conservatively with addition during both tidal cycles, except for nitrate which exhibited removal 
behaviour during spring tide. In general, higher concentration of N compounds was observed during spring tide compared 
to neap tide. It is suggested that during spring tide, stronger water turbulence resulted in resuspension of nutrients in 
bottom sediment and lead to the increase in N compounds concentrations in the surface water. The diurnal survey for the 
freshwater station showed that the concentrations of N compounds follow the ebb and flood variations, whereas for the 
coastal station the reverse trend was observed. Comparisons with a previous study under similar tidal conditions show 
there was an increase in nitrite and ammonia concentrations in TRE, which was probably due to increase in discharge 
from the rapid development activities around this area. In addition, the presence of a breakwater at the lower part of 
the estuary may also contribute to the high nutrient content in the estuary due to restricted outflow of nutrients to the 
coastal area. Overall, the results from this study highlighted the importance of monitoring the N compounds for future 
protection of the estuary.
Keywords: Distribution and behaviour; nitrogen compounds; spring-neap tides; surface water; Sungai Terengganu 
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abStrak
Suatu kajian telah dijalankan untuk menentukan taburan dan perlakuan sebatian nitrogen (N) (nitrit, nitrat, ammonia, 
nitrogen organik terlarut dan partikulat) di muara Sungai Terengganu (TRE). Sampel permukaan air telah diambil 
sepanjang cerun saliniti ketika air surut semasa pasang-surut perbani dan purnama. Keputusan kajian menunjukkan 
semua sebatian N berkelakuan tidak konservatif iaitu tambahan untuk kedua-dua kitaran pasang-surut, kecuali nitrat 
yang menunjukkan perlakuan singkiran semasa pasang-surut purnama. Secara umumnya, kepekatan sebatian N adalah 
tinggi semasa pasang-surut purnama berbanding pasang-surut perbani. Adalah dicadangkan semasa pasang-surut 
purnama, berlakunya kegeloraan air yang kuat menyebabkan nutrien dalam sedimen di dasar sungai akan terampai 
dan seterusnya meninggikan kepekatan sebatian N di permukaan air. Persampelan diurnal untuk stesen air tawar 
menunjukkan kepekatan sebatian N mengikut variasi air pasang dan surut, manakala untuk stesen di kawasan pantai, 
corak yang bertentangan adalah diperhatikan. Perbandingan dengan kajian terdahulu di kawasan dan keadaan pasang-
surut yang sama, menunjukkan terdapatnya peningkatan kepekatan nitrit dan ammonia di TRE yang mungkin disebabkan 
bertambahnya pembuangan daripada aktiviti-aktiviti pembangunan yang pesat di sekitar kawasan kajian. Tambahan lagi, 
kehadiran benteng pemecah ombak di kawasan hilir muara mungkin turut menyumbang kepada tingginya kandungan 
nutrien di dalam muara disebabkan pergerakan keluar nutrien ke kawasan pantai yang terhad. Secara keseluruhannya, 
keputusan daripada kajian ini menekankan kepentingan pemantauan sebatian N untuk pemeliharaan muara sungai 
pada masa hadapan.
Kata kunci: Muara Sungai Terengganu; pasang surut perbani-purnama; permukaan air; sebatian nitrogen; taburan 
dan perlakuan 
introduction
Nutrient inputs to estuaries, especially nitrogen (N) 
compunds, have increased significantly globally in tandem 
with anthropogenic activities (Ismail & Ibrahim 2015; 
Jickells et al. 2014; Statham 2012), which correspond 
to rising human populations. Elevated nutrient loads 
generally stimulate primary production in surface water 
and contribute to the deterioration of water quality. This 
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situation can lead to eutrophication problems, hence 
modifying aquatic food webs and which eventually 
may lead to hypoxic events (Chen et al. 2012; Driscoll 
et al. 2012; Garcia et al. 2014). It is noteworthy that 
variation in nutrient concentrations is not only caused 
by anthropogenic load but may also be affected by 
changing tides, which play a major role in controlling 
the distribution and transport of nutrients in the water 
column (Gianesella et al. 2005; Senthilkumar et al. 2008; 
Shaha et al. 2010). Therefore, it is essential to understand 
the estuarine hydrodynamic processes, such as tidal 
exchanges in order to monitor the variation of nutrient 
concentrations in the water column.
Sungai Terengganu estuary (TRE) is situated on the 
east coast of Peninsular Malaysia that enters the southern 
front of the South China Sea. The state capital, Kuala 
Terengganu, is located nearby. This estuary has been 
a center of economic activities for the local fishermen 
who use it as a fish landing site and sell their catches. 
Several anthropogenic activities such as small-scale 
of fish and seafood processing industries, restaurants, 
recreation, tourism, boat manufacturing, sand mining 
and construction activities surround this estuary. Two 
river systems, namely the Sungai Terengganu and Sungai 
Nerus, flow into this estuary, carrying many dissolved and 
particulate constituents.
This study determined the distribution of N 
compounds, nitrite, nitrate, ammonia, dissolved organic 
nitrogen (DON) and particulate organic nitrogen (PON) 
along the surface water of the estuarine system in the 
Terengganu River. In addition, tidal influence on the level 
of N compounds was also investigated. The behaviour of 
N compounds during estuarine mixing was also evaluated 
using the model as proposed by Liss (1976). Nitrogen 
has been chosen in this study due to its role as a limiting 
nutrient in the marine environment (Ryther & Dunstan 
1971; Suratman et al. 2008).
materialS and methodS
Sampling activities were divided into two surveys; the 
longitudinal survey was performed twice i.e. during spring 
tide (22/2/2012) and neap tide (2/4/2012) under similar 
tidal condition (ebb flow) along the estuary (Figure 1). 
These two longitudinal surveys were conducted in duration 
of 4 h to cover the upstream and downstream stations. 
Diurnal surveys’ were also conducted for a 12 h tidal 
cycle, which covered the ebb and flood waters for neap 
(12/7/2012) and spring tide (2/9/2012) at two fixed stations 
i.e. T7 (coastal) and T24 (freshwater). 
For both longitudinal and diurnal surveys, surface 
water samples (~0.5 m) were collected using a Van Don 
sampler and stored in acid-washed polyethylene bottles. 
The samples were placed in an ice cooler and transported 
back to the laboratory for analysis. About 250-500 mL 
samples were filtered through pre-combusted (450°C for 
5 h) and pre-weighed 0.7 µm GF/F filter immediately upon 
arrival at the laboratory. The dissolved samples were stored 
FIGuRe 1. Location of sampling stations in Sungai Terengganu estuary
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frozen at –20°C until analysis. The loaded filter papers 
were kept in a desiccator overnight and then subjected to 
PON analysis. 
Dissolved inorganic nitrogen (DIN) i.e. nitrate, nitrite 
and ammonia were analysed using a Skalar San Plus 
Autoanalyzer (Bukaveckas et al. 2011; Sharples et al. 2007; 
Suratman et al. 2010) and detected spectrophotometrically 
as a colored complex following standard colorimetric 
methods described by Grasshoff et al. (1983). Concentration 
of dissolved organic nitrogen (DON) was calculated by 
subtraction of DIN from total dissolved nitrogen (TDN) 
and TDN was measured by high temperature catalytic 
oxidation (HTCO) method using a Shimadzu TOC-V analyser 
(Suratman et al. 2008). The filtered samples were injected 
(100 µL) onto a combustion column and heated to 680°C. 
TDN in the sample decomposes to nitrogen monoxide 
and moved down over the catalyst by carrier gas and 
measured by a chemiluminescence detector. Particulate 
matter collected on the filter during sample filtration 
was used for PON determination. The loaded filters were 
rinsed with deionized water to eliminate the dissolved 
nutrients and salt. The filters were dried in the oven at 
60°C for 24 h. each filter was folded and placed in a tin 
container and analysed by high temperature oxidation using 
Themo Electron CHNS elemental analyser (Flash EA 1112) 
(Pasquer et al. 2010). In addition, physical parameters such 
as salinity and dissolved oxygen were also measured in 
situ using a YSI multiparameter (model 6600) data logger 
which was calibrated prior to use.
All statistical ANOVA tests were carried out by 
MS excel packaged software. Significance degree was 
accepted as p<0.05.
reSultS and diScuSSion
DISTRIbuTIoN oF N CompouNDS DuRING LoNGITuDINaL 
SuRvey
The longitudinal distribution of N compounds is presented 
in Figure 2. However, some stations were not sampled 
especially during the spring tide due to rough weather. 
Among the N compounds, nitrite concentration was found 
to be the lowest with a range of between 0.02 and 0.23 µM 
(mean 0.11 ± 0.06 µM). Nitrate concentrations varied from 
0.3 to 4.7 µM (mean 1.9 ± 0.9 µM), while concentrations 
recorded for ammonia and PON ranged between 2.0 and 
35.4 µM (mean 21.0 ± 7.8 µM) and 1.5 to 11.8 µM (mean 
13.9 ± 2.9 µM), respectively. The concentration of DON, 
which is the dominant species of N compounds in the 
estuary, range between 3.2 and 40.6 µM (mean 24.3 ± 
9.4 µM). In general, the results showed that the 
concentration of N compounds in freshwater was higher 
than in the estuarine environment, thus suggesting that 
the nutrients are derived mainly from freshwater inputs. 
It was also observed that the N compounds in the surface 
waters were higher during spring tide except for nitrite 
which showed the contrary. During spring tide, the stronger 
water turbulence with a high tidal range may have caused 
stronger bottom mixing, which consequently resulted 
in an increase in nutrient release from the re-suspended 
bottom sediment to the surface water. The strong mixing 
was indicated by higher surface salinity which will bring 
the bottom nutrient to the surface water. Several studies 
have showed that the strong turbulence during spring tide 
leads to sediment resuspension and ultimately to high 
nutrient release (Anand et al. 2014; Sharples et al. 2007). 
In addtition, Gilbert et al. (2013) documented that strong 
current and well mixed water columns during spring 
tide would result in a more turbid estuary disturbed the 
sediment and increase the nutrient release. 
DISTRIbuTIoN oF N CompouNDS DuRING DIuRNaL 
SuRvey
Figure 3 shows the 12 h diurnal variation of N compound 
measured at station T7 (coastal station) and T24 (freshwater 
station) for both tides. As observed for the longitudinal 
survey, nitrite recorded the lowest concentration compared 
to the other N compounds and varied from 0.13 to 
0.20 µM (mean 0.16 ± 0.03 µM) during spring tide and 
0.09 to 0.40 µM (mean 0.24 ± 0.10 µM) during neap tide. 
The nitrate concentrations were found to range from 1.93 
to 2.93 µM (mean 2.45 ± 0.3 µM) during spring tide and 
0.55 to 1.44 µM (mean 0.55 ± 0.30 µM) during neap. The 
ammonia concentrations recorded were higher with a range 
for spring and neap tides of between 10.6 and 16.3 µM 
(mean 13.8 ± 1.5 µM) and 5.1 to 15.8 µM (mean 0.55 ± 
0.30 µM), respectively. The concentration of PON was in 
the range of between 23.5 and 29.6 µM (mean 24.4 ± 0.30 
µM) for spring tide and 25.2 to 28.0 (mean 27.3 ± 2.0 µM) 
for neap tide. Among the N compounds, concentrations of 
DON were found to be the highest, with a range of between 
29.8 and 89.06 µM (mean 51.47 ± 1.59 µM) during spring 
tide and 33.4 to 88.06 µM (mean 62.5 ± 18.08 µM) during 
neap tide. With the exception of PON, concentrations of 
all N compounds showed strong correlation with tidal 
state. Based on the ANOVA test, the mean concentrations 
of N compounds during spring tide were found to be 
significantly higher than during neap tide (p<0.05).
During flooding tide, the flow of seawater into the 
estuary restricts the movement of freshwater downstream. 
This situation caused an increase in the concentration of 
N compounds at T24 due to high freshwater input until 
maximum concentrations were recorded during high water. 
In contrast, the concentration of N compounds decrease 
during ebb water due to free movement of freshwater 
downstream, which possibly flushed out the nutrients 
content. Thus, lower levels of N compounds were recorded 
during low water. At station T7, located at the coastal area, 
the reverse trend was observed, where low water recorded 
higher level of N compounds and high water recorded low 
value of N compounds. This situation is probably due to 
the fact that inputs of N compounds were mainly from 
freshwater sources (Seitzinger et al. 2005; Yang et al. 2016). 
During ebb tide high amounts of freshwater, which contains 
high level of nutrient, are flushed out from the estuary. The 
contrast is true during high water when the incoming flow 
of saline water with low concentration of N compounds 
may dilute the nutrient content. This observation is similar 
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FIGuRe 2. Variations in N compounds concentrations in the Sungai Terengganu estuary
655
	  
	  
	  
a) Spring tide
b) Neap tide
FIGuRe 3. Nutrient concentrations from the 12 h diurnal survey during a) spring tide and b) neap tide 
*Dashed lines show the tidal variations (not to scale)
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a) Spring tide
b) Neap tide 
FIGuRe 4. variations in N compounds concentrations with salinity during a) spring tide and b) neap tide in the Sungai Terengganu 
estuary
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to that obtained during the longitudinal survey where the 
concentration range of nitrate, ammonia, DON and PON
during spring tide were higher compared to during neap 
tide. The contrary was observed for nitrites, which is 
consistent with the observation during the longitudinal 
survey. No possible reason could be given to explain this 
which needs for further study. Therefore, this diurnal 
profi le provides a clear evidence to support the fact that 
the concentration of N compounds in the TRE is strongly 
infl uenced by tidal changes.
beHavIouR oF N CompouNDS IN TRe
Figure 4 shows the variation of N compounds across the 
salinity gradients during the estuarine mixing. The results 
obtained demonstrate a non-conservative behaviour 
shown by most of the parameters measured in both 
surveys. Only nitrates showed a removal trend during 
spring tide whereas the other nutrients showed addition 
during the mixing. The additional source of N compounds 
could be affected by anthropogenic activities such as 
direct disposal of domestic sewage and runoff (from urban 
areas, fi sh landings, boat manufacturing, market and 
tourism in Kuala Terengganu), which fl ow into the low 
and middle salinity regions of TRE. Previous studies by 
Jan (2002), Suratman et al. (2012) and Theivanan (2009) 
indicated that anthropogenic activities in the TRE may 
lead to high nutrient concentration in the surface water. 
In addition, Jickells et al. (2014) also found that the TRE
was impacted by secondary sources (e.g. sewage input) 
which may encourage the non-conservative behaviour 
of the nutrients. 
Other studies also found that anthropogenic activities 
contribute to the non-conservative behaviour with an 
addition of N compounds in their study area such as in 
the Sungai Dungun estuary, Malaysia (Tahir et al. 2008), 
Danshuei estuary, Taiwan (Wen et al. 2008), Changjiang 
estuary, China (Chen et al. 2010) and Wanquan River 
estuary, China (Li et al. 2013). In contrast, nitrate removal 
may occur in the water column during spring tide, possibly 
due to chemical processes taking place in the estuary 
through the denitrifi cation process. This observation is 
supported by the pronounced removal of DO concentration 
(Figure 5) and addition of ammonia in the water column at 
the same tidal condition. Denitrifi cation is the process of 
direct reduction of the oxide forms of nitrogen compounds 
to ammonia during low DO content. Denitrification 
process has been cited widely as a possible mechanism 
for nitrate removal during estuarine mixing. This has been 
documented for the Elbe estuary in Germany (Dahnke et al. 
2008), the Humber estuary in England (Neal et al. 2008), 
the Wenjiaohe estuary in China (Liu et al. 2011) and the 
Qishon estuary in Israel (Eliani et al. 2013).
CompaRISoN WITH pRevIouS STuDy
Data obtained during this study was compared with 
results from a previous study carried out around the same 
study area by Theivanan (2009) (Table 1). Her study was 
performed prior to construction of the breakwater at the 
river mouth in 2010 during ebb neap and spring tides. The 
concentrations of nitrite and ammonia recorded during this 
study are relatively higher than those reported previously. 
This is probably due to the increase in anthropogenic 
activities at the surrounding areas and the presence of the 
breakwater. The nitrite and ammonia derived from the 
upstream areas are not able to accumulate in the estuary and 
these nutrients are not able to be completely fl ushed out to 
the open sea due the presence of the breakwater. Thus, both 
nutrients are trapped and accumulate in the inner part of 
the estuary. In contrast, the nitrate concentration recorded 
for the present study was relatively lower than reported 
by Theivanan (2009). No possible reason could be given 
to explain this situation because higher concentration of 
nitrate should also be observed as the breakwater would 
restrict the fl ow of water downstream. 
a) Spring tide b) Neap tide
FIGuRe 5. variation in dissolved oxygen concentrations with salinity during a) spring tide and b) neap tide in the Sungai Terengganu 
estuary (Salum 2015)
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concluSion
The present study showed the consistent results between 
longitudinal and diurnal surveys, which show that N 
compounds in the surface waters (~0.5 m) are higher 
during spring tide compared to neap tide. Only nitrite 
shows higher level during neap tide. The results also 
showed that significantly higher nutrient concentration 
is found upstream which suggests that N compounds 
are derived from freshwater inputs. In addition, the N 
compounds behave non-conservatively during mixing 
in TRE. This study also showed that tides play a major 
role in controlling the variation of N compounds in TRE.
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